Proton pump inhibitors (PPIs) are acid-suppressant drugs that are widely prescribed for a number of gastrointestinal (GI) indications. In 2015, PPIs accounted for Can$253.3 million in public drug program spending in Canada, and were one of the top ten drug classes with the highest spending. 1 Furthermore, pantoprazole was found to be the fifth most common drug prescribed in Canada, with more than 11 million prescriptions dispensed in 2012. 2 With pantoprazole's high prevalence of use, there is a growing concern in the appropriateness and duration of its use. A Canadian prospective study found that 30.7% of patients were inappropriately prescribed with PPIs, in relation to the Quebec guidelines. 3 In addition, a retrospective cross-sectional study conducted in British Columbia found that the proportion of PPI orders without a documented common evidence-based indication or broad evidencebased indication were 43.7% and 16.2%, respectively. 4 While PPIs are generally well-tolerated, the long-term safety profiles of PPIs This is an open access article under the terms of the Creat ive Commo ns Attri bution-NonCo mmerc ial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
In the first and second months, copies of the list were handed out to a total of seven physicians in both Facilities 1 and 2, with residents under their care highlighted. Information on the lists included the names of residents, the facility they were in, and the type of PPI and dosing regimen they were on. The pharmacist then discussed strategies of PPI deprescribing with each physician in person, which included abrupt discontinuation with monitoring, tapering the dose, switching to as-needed ranitidine, or switching to as-scheduled ranitidine.
In the third month, the pharmacist took several verbal orders for any PPI changes and provided updated copies of the list to physicians, highlighting patients that were yet to be reviewed. Three physicians who had five or fewer residents under their care and were mostly off-site had the updated lists faxed to them as a reminder.
Since the pharmacist that led the intervention was mostly responsible for Facility 1, a reminder was provided to the other clinical pharmacist responsible for residents at Facility 2 to hold a discussion with the medical director there. In the fourth month, the first pharmacist followed up with the three faxed physicians, as well as the second pharmacist from the other facility.
| Data collection
The investigators created a data extraction form that consisted of patient demographic information, details of PPI regimen, documented indications for PPI use, and changes observed after intervention. From October to November 2018, one reviewer extracted relevant data from electronic health records on Meditech. If the required information could not be found through online records, physical charts on the wards were consulted. Two quality-assurance checks were also conducted: (1) A second investigator repeated the data collection process for the first five patients that were reviewed, before comparing it to the information extracted by the first reviewer; and (2) once data were extracted for all residents by the first reviewer, the second reviewer collected data for ten patients at random, excluding the first five that were reviewed previously. Any discrepancies were resolved by consensus between the two reviewers, or mediated by a third reviewer.
| Outcomes
The primary outcome was the proportion of residents who had a PPI deprescribing order after the intervention. Secondary outcomes included the rate of successful deprescribing by the end of the study period, reasons for deprescribing failures, and deprescribing methods that were utilized most often or had the highest success rate.
| Data analysis
Descriptive statistics were used to summarize and report the data collected in terms of measures of frequency, proportion, and variance.
| RE SULTS
Baseline demographic characteristics are presented in Table 1 . A total of 58 residents were eligible for inclusion in the study period: 29 (50%) from Facility 1 and 29 (50%) from Facility 2. The mean age (± SD) of all residents was 80 ± 12.1 years. A higher proportion of residents were female (n = 44, 75.9%) and aged between 90 and 99 years old (n = 29, 50.0%). The top two documented PPI indications included gastroesophageal reflux disease (n = 6, 10.3%) and GI bleeding (n = 6, 10.3%). However, the latter might have been a remote history for some residents. There were likely indications for PPI use in 21 residents (36.2%); however, they were not clearly documented in their charts and only inferred from supporting chart notes. There were neither documented nor likely PPI indications found for 14 residents (24.1%). With regards to dosing, most residents were receiving pantoprazole 40 mg once daily or esomeprazole 40 mg once daily.
In addition, we examined other medications associated with PPI use, such as NSAIDs, anticoagulants, and antiplatelets. Eight residents were taking one associated medication concurrently with their PPI, while seven residents were taking more than one associated medication. Interestingly, nine of these 15 residents had a likely PPI indication that was not clearly documented. Of those taking one associated medication, acetylsalicylic acid was the most common (n = 4), followed by ibuprofen (n = 2), warfarin (n = 1) and diclofenac (n = 1). Figure 1 depicts the overall process of the intervention, grouping residents according to facility. There were two physicians mainly in charge of the residents from each facility. The first physician was responsible for 20 residents (34.4%) in Facility 1, while the second physician was responsible for 21 residents (36.2%) in Facility 2. The remaining five physicians had eight or fewer residents under their care. Five residents from each facility moved or died after the report was generated, but before deprescribing could be initiated for them; thus, they were excluded from any subsequent data analysis.
| Primary outcome
A total of 62.5% (30/48) of residents from both facilities had a deprescribing order. In Facility 1, 83.3% (20/24) of residents had a PPI deprescribing order, in contrast to 41.7% (10/24) of residents from Facility 2.
| Secondary outcomes
Four months post-intervention, 100.0% (20/20) of residents from Facility 1 underwent successful PPI deprescribing, whereas Facility 2 saw a lower proportion of 80.0% (8/10). Of the two that were not considered successful in deprescribing, one resident was restarted on a PPI due to a recurrence of heartburn symptoms 89 days after PPI discontinuation, while another resident moved after the first PPI taper; thus, it was not clear if deprescribing was completed.
We then analyzed the type of deprescribing method first initiated in residents from both Facilities 1 and 2 combined ( Figure 2 ).
The most common deprescribing method was tapering PPI dose before discontinuation, seen in 63.3% of residents (23/30). Other methods seen included discontinuing PPI without tapering (5/30, 16.7%), maintaining a decreased PPI dose (4/30, 13.3%), and switching to ranitidine (2/30, 6.7%).
The outcomes 4 months after the start of the intervention are presented in Table 2 , grouped according to each deprescribing method. We defined a successful completion of deprescribing as residents who remained off of their PPIs after discontinuation or switching to ranitidine, and residents who continued to be maintained on a decreased PPI dose by the end of the study period. There was a 100.0% success rate seen in the two groups: maintenance on decreased PPI dose (n = 4) and switching to ranitidine (n = 2); and 73.7% (n = 14) of residents were successfully tapered off of their PPIs. Within this group, one resident moved and three died after the intervention. Notably, one resident had to be restarted on their PPI after the initial taper. As for residents who had their PPI completely discontinued as a first change, four out of five residents continued to stay off of their PPIs, as one resident died after the intervention.
Overall, 80.0% of 30 residents who were initiated PPI deprescribing orders had completed them successfully by the end of the study period.
| D ISCUSS I ON

| Main findings
In our study, the simple intervention led by the clinical pharmacist resulted in a high rate of PPI deprescribing (62.5%). Tapering the PPI was the most common method of deprescribing. Four months after the intervention, 24 (80.0%) of these residents did not require reinitiation or an increased dose of their PPIs. Of the remaining six residents, four died after the intervention, one resident was restarted on a PPI, and one resident moved to another facility in the midst of tapering. All four residents who died were actually tapered off of their PPIs successfully; however, we considered them as part of incomplete deprescribing based on our definition of success.
This 80% success rate in our study is similar to a project con- 
Deprescribing method (First Change to PPI)
Taper before stopping
Hard stop
Decrease dose only
Switch to ranitidine
Both studies assessed the elderly population in a residential care site situated in British Columbia and had a single pharmacist leading the intervention. The slightly higher success rate in our study could be attributed to the greater number of deprescribing strategies we included, in contrast to Lee et al., who only had PPI discontinuation without tapering as their sole recommendation. 7 Lee et al. also saw three residents restarted on PPIs and one resident initiated on an H2 receptor antagonist, with a mean time of 23.5 days before reinitiation. 7 Reasons included reflux, heartburn, and coffee ground emesis. 7 The higher incidence of symptom recurrence over a shorter mean time to PPI reinitiation compared to our study might be due to the close monitoring of residents with weekly follow-ups by three pharmacists as the primary objective of their study was to determine the rate of GI symptom recurrence. 7 Two other studies with closer success rates of 81%-83% have also been observed; however, there were notable differences in study design and setting compared to our study. 11, 12 The study by Our study also suggests four main factors that influence the rate of successful initiation of PPI deprescribing. First, the timing of the intervention might play a role in facilitating communication between clinicians. Our study occurred over the summer months, with many physicians away on vacation during the 4-month intervention. Thus, this might have contributed to a delay in the review of residents for appropriate PPI deprescribing and hinder ongoing, efficient communication between the pharmacist and physicians for some of the residents.
Second, active collaboration between pharmacists and physicians increases the chances of deprescribing success. In our study, the clinical pharmacist was involved in weekly in-person care conference meetings and had stronger ties with the physicians working in Lastly, a lack of documented PPI indications could lead to a sense of uneasiness with deprescribing PPIs. This study showed that 36.2% of residents had a likely PPI indication that was not clearly docu- 
| Limitations
As a small-scale quality-improvement project, our study had a smaller sample size compared to other interventional studies, thus limiting its generalizability. Participants were included in the study at the time when the list of residents was first generated; thus, we might have missed newly admitted residents with active orders for PPIs after that point in time. Most preadmission and outpatient data were not available, which made it difficult to ascertain documented PPI indications. Deprescribing orders also occurred throughout the 4 months of intervention and we did not have a standardized followup period to monitor the recurrence of GI symptoms in all residents with initiated changes. Symptoms were only closely examined from medical records after residents were seen to have their PPI therapy reinitiated.
| CON CLUS ION
A simple, pharmacist-led intervention saw an initiation of PPI deprescribing in 62.5% of residents in a long-term care facility setting;
80.0% of these residents completed deprescribing successfully. 
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